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IRUPRQLWRULQJ WKH ZDWHU TXDOLW\ DQG TXDQWLW\ 7KH DGYDQWDJH RI WKLV DSSURDFK LV WKDW QR DQDO\WLFDOO\IRUPXODWHG
H[SHUWLVH LV QHHGHG D SULRUL DQG WKXV WKH XVHU LV QRW KDPSHUHG E\ XQVDIH DVVXPSWLRQV DERXW WKH SK\VLFDO 
ELRFKHPLFDOEHKDYLRURIWKHGULQNLQJZDWHU
$QDODUPLVJHQHUDWHGLIDQRYHOW\RFFXUVLQWKHDFTXLUHGPHDVXUHPHQWV,QWKDWFDVHPHDVXUHPHQWVFDQGHVFULEH
RQH VWDWLRQ LQ WKH:'1ZKLFK FRYHUV VHYHUDO VHQVRUV RU VHQVRUVSODFHG LQ WKH QHWZRUN LWVHOI ,QERWK FRQWH[WV D
QRYHOW\ LVGHILQHGDVDGHWHFWHGXQNQRZQVWDWHRI WKH:'18QNQRZQVWDWHVFDQEHGHWHFWHGXVLQJGDWD IURPWKH
ZDWHU TXDQWLW\ DVZHOO DVZDWHU TXDOLW\ 7KH RXWSXW RI WKHPRGXOH LV D FRQWLQXRXV DODUP LQGH[ YDOXH7KLV YDOXH




























6LQFH WKHHYHQWGHWHFWLRQPRGXOHZRUNVZLWKGLIIHUHQW W\SHVRITXDOLW\DQGTXDQWLW\SDUDPHWHUV HJSUHVVXUH
FRQGXFWLYLW\WKHPHDVXUHPHQWVQHHGWREHQRUPDOL]HG)RUQRUPDOL]DWLRQRIWKHGDWDWKH]VFRUHQRUPDOL]DWLRQ>@
LVXVHGEHLQJGHILQHGDV
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ZKLOHݔሾ݇ሿZLWK݇ ൌ ͳǥ݊LV WKHRULJLQDOPHDVXUHPHQWGDWDRIRQHSURFHVVYDULDEOH7KHYDULDEOHߤGHVFULEHV
LWV PHDQ YDOXH DQG ߪ WKH VWDQGDUG GHYLDWLRQ 7KH RULJLQDO VHW RI SURFHVV YDULDEOHV LV GHILQHG DV ܺ ൌ







LQWRD VHWRI OLQHDUXQFRUUHODWHGRQHV7KH3&$DVVXPHV WKDW WKHDFTXLUHGPHDVXUHPHQWVDUH VWDWLRQDU\*DXVVLDQ
GLVWULEXWHG UDQGRPYDULDEOHV7KH UHVXOWLQJXQFRUUHODWHGYDULDEOHVDUH WKHQFDOOHG WKHSULQFLSDOFRPSRQHQWVRI WKH
YDULDEOHVHW0DWKHPDWLFDOO\ WKHSULQFLSDOFRPSRQHQWV WKHQFRYHU WKHYDULDQFHDFFRXQWHGIRU LQ WKHGDWDVHW7KLV
PHDQV WKDW RQO\ D VPDOO DPRXQW RI SULQFLSDO FRPSRQHQWV QHHGV WREHXVHG IRUPRQLWRULQJ8VXDOO\ WKH ILUVW WZR
SULQFLSDOFRPSRQHQWVDUHXVHGWRGHVFULEHWKHVWDWHWUDMHFWRU\RI WKHV\VWHP)XUWKHULQIRUPDWLRQRQKRZWKH3&$
FDQEHXVHGIRUSURFHVVVXSHUYLVLRQFDQEHIRXQGHJLQ>@
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ZKLOHܻFRQWDLQV WKHSULQFLSDOFRPSRQHQWV)RUH[DPSOHݕଵሾ݇ሿ ൌ ߛଵଵݔଵሾ݇ሿ ൅ ڮ൅ ߛ௠ଵݔ௠ሾ݇ሿLV WKH WLPHVHULHV
RIWKHILUVWSULQFLSDOFRPSRQHQWZKHQKDYLQJQHZDFTXLUHGPHDVXUHPHQWV)RUWKHFDOFXODWLRQRIWKHDODUPLQGH[WKH
ILUVWWZRSULQFLSDOFRPSRQHQWVDUHXVHGVLQFHWKLVXVXDOO\FRYHUVPRVWRIWKHYDULDQFHDFFRXQWHGIRULQWKHGDWDVHW






,QLWLDOO\ WUDLQLQJ GDWD LV VHOHFWHGZKLFK GHILQHV WKH ³QRUPDO VWDWH´ RI WKH:'1 )RU:'1V LQ JHQHUDO WKLV
VHOHFWLRQLVSHUIRUPHGE\H[SHULHQFHGSHUVRQQHORIWKHZDWHUXWLOLWLHV$IWHUSHUIRUPLQJWKHQRUPDOL]DWLRQ(UURUH
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7KH DODUP LQGH[ LV WKHQ FDOFXODWHG E\ WDNLQJ WKH GRW SURGXFW EHWZHHQ WKH VHOHFWHG QXPEHU RI SULQFLSDO
FRPSRQHQWVȞܴ߳௠ൈ௟ ZLWKͳ ൑ ݈ ൑ ݉DQGWKHGDWDܼ௡௘௪ሾ݇ሿ ൌ ሼݖଵ௡௘௪ሾ݇ሿǡ ǥ ǡ ݖ௠௡௘௪ሾ݇ሿሽJLYHQDV
> @ > @7 QHZN = N *QHZ<   
ࢅ࢔ࢋ࢝LVDYHFWRUZLWKOHQJWKO)LQDOO\WKHDODUPLQGH[ ௡ܻ௘௪஺௟௔௥௠ܴ߳UHVXOWVIURPVXPPLQJXSWKHYDOXHVLQ ௡ܻ௘௪ 
> @ > @ > @$ODUP 7QHZ< N N N QHZ QHZ< <   
6LQFHWKHDODUPYDOXH ௡ܻ௘௪஺௟௔௥௠LVGHILQHGEHWZHHQͲ ൑ ௡ܻ௘௪஺௟௔௥௠ ൑ λDG\QDPLFWKUHVKROGQHHGVWREHFDOFXODWHG
WKDWGHILQHVLIDQHYHQWKDVRFFXUUHGRUQRW
&DOFXODWLRQRIWKHWKUHVKROG
7KH WKUHVKROG LV JHQHUDWHG E\ FDOFXODWLQJ WKH DODUP LQGH[ XVLQJ WKH WUDLQLQJ GDWD WKH VHOHFWHG QXPEHU O RI
SULQFLSDOFRPSRQHQWVDQGE\FDOFXODWLQJWKHWKUHVKROGRIWKHDODUPLQGH[LQWHUPVRIWKHYDULDQFHIURPWKHWUDLQLQJ
GDWD 7KHUHIRUH WKH DODUP LQGH[ LV FDOFXODWHG XVLQJ WKH WUDLQLQJ GDWD WR JHQHUDWH ௧ܻ௥௔௜௡஺௟௔௥௠  7KLV LV SHUIRUPHG E\
FDOFXODWLQJ ௧ܻ௥௔௜௡ሾ݇ሿ ൌ Ȟ்ܼሾ݇ሿIRU HDFK VDPSOH݇ ൌ ሾͳǡ ǥ݊ሿLQ WKH WUDLQLQJ VHW ZKLFK ILQDOO\ OHDGV WR WKH DODUP
LQGH[
> @ > @ > @$ODUP 7WUDLQ< N N N WUDLQ WUDLQ< <   
,QDQH[WVWHSWKHWKUHVKROGܳ௧௥௘௦௢௟ௗ߳ܴIRUWKHDODUPLQGH[LVFDOFXODWHGDV
 $ODUPWKUHVKROG WUDLQ4 . 9$5 <    
,QWKHIROORZLQJWKHSDUDPHWHUL]DWLRQLVVHWWR. ,I ௡ܻ௘௪஺௟௔௥௠ ൐ ܳ௧௛௥௘௦௛௢௟ௗ FRXQWVDQDODUPLVJHQHUDWHG
,W LV LPSRUWDQW WR PHQWLRQ WKDW WKLV DOJRULWKP RQO\ QHHGV WZR SDUDPHWHUV WR EH VHW QDPHO\ WKH QXPEHU RI
SULQFLSDO FRPSRQHQWV O DQG WKH SDUDPHWHU . IRU FDOFXODWLQJ WKH WKUHVKROG %RWK SDUDPHWHUV DUH VWDWLVWLFDOO\
LQWHUSUHWDEOHYDOXHV















,QFRQILJXUDWLRQ WKH VWRSFRFNDW WKHRXWIORZ2XW LVFORVHGDQGDWRXWIORZ2XW LV RSHQZKLOHSDVVLQJ WKH





IORZ SDVVHV WKH FRQGXFWLYLW\ VHQVRUV & & DQG & 7KH VHQVRUV & DQG & GR QRW PHDVXUH DQ LQFUHDVH RI
FRQGXFWLYLW\DIWHU1D&/LQMHFWLRQ7KHPHDVXUHPHQWVZLWKDQGZLWKRXWLQMHFWHG1D&ODUHJLYHQLQ)LJ






7KH DFTXLUHG PHDVXUHPHQWV RI WKH WZR QHWZRUN FRQILJXUDWLRQV KDYH EHHQ XVHG WR WHVW WKH DODUP JHQHUDWLRQ


















,Q WKLV VFHQDULR WKH FRQWDPLQDWHGZDWHU IURP FRQILJXUDWLRQ  LV XVHG IRU WUDLQLQJ DQG WHVWLQJ WKHPRGXOH7KH
WKRXJKWRI WKLVVFHQDULR LV WR WHVW LI LW LVSRVVLEOH WR WUDLQ VSHFLILFVWDWHVRIDV\VWHPDQGVWRUH LW LQ WKHPRGXOHDV





















1H[W VHYHUDO H[SHULPHQWV DW D ODERUDWRU\QHWZRUNZHUHSHUIRUPHG WR FKHFN WKHSHUIRUPDQFHRI WKHGHYHORSHG
PRGXOH ,W KDV EHHQ WHVWHG LI GLIIHUHQW SURFHVV SDWWHUQV FDQ EH VWRUHG LQ WKH PRGXOH DV EHLQJ QRUPDO SURFHVV
EHKDYLRXU 7KHUHIRUH GDWD FRQWDLQLQJ FOHDQ DQG FRQWDPLQDWHG ZDWHU IURP WKH ODERUDWRU\ QHWZRUN IRU WZR
FRQILJXUDWLRQVZHUHXVHG7KHUHVXOWVVKRZHG WKDW IRU WKHVH WZRFRQILJXUDWLRQVRI WKHSODQW LW LVSRVVLEOH WR OHDUQ
SDWWHUQVDVQRUPDOVWDWHVRIWKH:'1
)XWXUHZRUNZLOO IRFXVRQ WKH FRQVWUXFWLRQRI D FRPSOHWHGLDJQRVLV FKDLQ7KLV FRYHUV WKH VWHS WR ORFDOL]H WKH
VRXUFHRIWKHFRQWDPLQDWLRQLQWKH:'1DIWHUDQHYHQWKDVRFFXUUHGDQGDFODVVLILFDWLRQRIWKHHYHQW)XUWKHUPRUH
WKHDQRWKHUIRFXVZLOOEHRQWKHRSWLPL]DWLRQRIWKHVHOHFWHGWKUHVKROG$GGLWLRQDOO\WKHH[WHQVLRQRIWKH3&$XVLQJ
GLIIHUHQW NHUQHO PHWKRGV QHHGV WR EH FKHFNHG 3RVVLEO\ NHUQHO PHWKRGV OHDG WR EHWWHU UHVXOWV VLQFH WKH\ DUH D
QRQOLQHDUPHWKRGV

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